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APPARATUS FOR DETECTING POSITION OF DRAWBAR 
IN AUTOMATIC TOOL CHANGE DEVICE 

Technical Field 

The present invention relates to a spindle unit having 
an automatic tool exchange device, and more particularly to 
an apparatus for detecting a position of a drawbar installed 
in the spindle unit, in which the apparatus transmits a 
signal to a main controller after detecting the position of 
the drawbar in such a manner that the main controller can 
check a state of a tool clamped by the drawbar. 

Background Art 

Generally, an automatic tool exchange device is used in 
15 a machining center or an automatic milling machine in order 
to automatically exchange a used tool with a new tool 
provided in a standby position. Such automatic tool exchange 
device includes a change arm having a gripper shape so as to 
rapidly and precisely perform the exchange work. 
20 The machining center is a kind of a numerical control 

machine tool capable of automatically performing various 
kinds of machining works. The machining center has an 
automatic tool exchange function and is capable of 
automatically cutting, drilling or boring at least two planes 
25 of a workpiece. In order to achieve such various kinds of 
machining works in a short period of time, the machining 
center must automatically exchange tools. Hereinafter, 
clamping and unclamping operations of a conventional 
automatic tool exchange device provided in such machining 
30 center will be described with reference to FIG. 1. 

In a case of a clamping operation, a tool 9 is 
introduced into a spindle shaft 6 along a tapered surface of 
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the spindle shaft 6, so a collet 10 is inserted into the tool 
9. Then, pressurized air is supplied into a pressurized air 
inlet hole 2 so that a piston 3 and a push rod 6 connected to 
the piston 3 moved up. As the push rod 5 moves up, a drawbar 
5 unit 7 installed in the spindle shaft 6 is also moved up due 
to elastic bias force of a disc spring 12 provided between 
the spindle shaft 6 and the drawbar unit 7. 

Accordingly, an expansion part 8 formed at an end 
portion of the drawbar unit 7 is introduced into the collet 

10 10, so that the collet 10 is expanded. Thus, the collet 10 
securely grips the tool 9 and the spindle shaft 6, thereby 
clamping the tool 9 . 

In a case of an unclamping operation, pressurized air 
is supplied into a pressurized air inlet hole 1, so the 

15 piston 3 is moved down due to pressurized air. As the piston 
3 moves down, the push rod 5 coupled to the piston 3 is also 
moves down along a guide surface of a housing 4. 

When the push rod 5 moves down, an end portion of the 
push rod 5 downwardly pushes the drawbar unit 7 installed in 

20 the spindle unit 6, so the drawbar unit 7 is also moved down. 
As the drawbar unit 7 moves down, the collet 10, which has 
been expanded, recovers its initial shape and the end portion 
of the drawbar unit 7 pushes the tool 9, thereby unclamping 
the tool 9. 

25 Recently, when an automatic tool exchange is installed 

on a main shaft of a machine tool including a high frequency 
spindle unit or a belt drive spindle unit, a drawbar unit is 
provided in a spindle shaft in order to strongly draw a tool 
or a tool holder including a taper shank, so that the tool or 

30 the tool holder is securely fixed to a nose of the spindle 
shaft. At this time, the drawbar moves in an axial direction 
of the spindle shaft within a range of 10mm in order to draw 



wo 2005/009677 



PCT/KR2004/000293 



10 



and fix the tool. That is, the drawbar unit can be located in 
three different positions, such as a front position, a middle 
position and a rear position, within the range of lOrran in the 
axial direction of the spindle shaft depending on a state of 
the tool. 

In the front position, the tool is released from the 
drawbar unit. Since the tool is in a free state, the tool can 
be inserted into the spindle shaft or separated from the 
spindle shaft as required by a user. In the middle position, 
the drawbar unit securely draws the tool and fixes the tool 
to the spindle shaft. In the rear position, the tool is 
separated from the spindle shaft and the drawbar unit returns 
to its initial position without holding any tools. 

Information about three different positions of the 
15 drawbar unit must be transmitted to a main controller in 
order to allow the main controller to prepare a next 
operation by checking the tool exchange state and in order to 
reliably and safely carry out machining work. A proximity 
switch is widely used as an inspection device for obtaining 
information about three different positions of the drawbar 
unit. Since only one position may be detected by using one 
proximity switch, three proximity switches are installed in 
the spindle unit in order to obtain information about three 
different positions of the drawbar unit. 
25 However, a size of the proximity switch available from 

an open market is too large to install the proximity switch 
in an internal area of the spindle unit. In addition, it is 
difficult to install three proximity switches within a range 
of 10mm corresponding to three different positions of the 
30 drawbar unit. Even if three proximity switches are installed 
in the spindle unit, it is required to adjust the positions 
of the three proximity switches by using a variable position 
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fixing device so as to precisely install the three proximity 
switches. Moreover, since three cable lines are necessary for 
power supply and signal transmission in relation to three 
proximity switches, a cable line treatment work is 
5 additionally required. 

Disclosure of the Invention 

Therefore, the present invention has been made in view 
of the above-mentioned problems, and it is an object of the 
10 present invention to provide an apparatus for detecting a 
position of a drawbar unit, which is installed in a spindle 
unit so as to transmit position information of the drawbar 
unit to a main controller by detecting the position of the 
drawbar unit. 

15 In order to accomplish the above object, there is 

provided an apparatus for detecting a position of a drawbar 
unit of an automatic tool exchange device including the 
drawbar unit and a spindle unit receiving the drawbar unit 
for allowing the drawbar unit to easily clamp the tool, the 

20 position detecting apparatus for the drawbar unit comprising: 
a core installed at a rear peripheral portion of the drawbar 
unit; a coil section wound around an outer peripheral portion 
of the core and having a hollow cylindrical shape with a 
predetermined thickness and a predetermined length; an LC 

25 oscillator connected to the coil section for generating a 
frequency signal, which varies depending on an inductance 
value of the coil section; and a position detecting section 
connected to the LC oscillator so as to transmit position 
information of the drawbar unit to a main controller by 

30 detecting the position of the drawbar unit based on the 
frequency signal generated from the LC oscillator. 

According to the preferred embodiment of the present 
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invention, the position detecting section includes a counter, 
which repeatedly counts the frequency signal generated from 
the LC oscillator for every one cycle in every predetermined 
period of time, a memory section for storing first count 
5 values of frequency signals per predetermined unit time 
corresponding to three different positions of the drawbar 
unit, and a microcomputer comparing the first count values 
stored in the memory section with a second count value of an 
oscillating signal per predetermined unit time, which is 

10 currently transmitted from the counter, thereby detecting a 
present position of the drawbar unit. 

According to the preferred embodiment of the present 
invention, the drawbar unit installed in the spindle unit 
forming the automatic tool exchange device clamps the tool at 

15 a front thereof. An extension rod is formed at the rear 
portion of the drawbar unit. The extension rod is provided to 
stably mount the magnetic core around an outer peripheral 
portion thereof. If a size of an outer diameter of the 
drawbar unit is suitable for mounting the magnetic core, it 

20 is not required to provide the extension rod. 

The magnetic core is installed around the outer 
peripheral portion of the extension rod and the cylindrical 
coil section is positioned around an outer peripheral portion 
of the core. The coil section is connected to the LC 

25 oscillator as a part of the LC oscillator. A variable 
frequency signal generated from the LC oscillator is 
transmitted to the position detecting section so that the 
position detecting section detects a present position of the 
drawbar unit. The position detecting section transmits 

30 position information of the drawbar unit to a main 
controller, so the main controller may precisely control an 
operation of the automatic tool exchange device. 
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Brief Description of the Drawings 

The foregoing and other objects, features and 
advantages of the present invention will become more apparent 
5 from the following detailed description when taken in 
conjunction with the accompanying drawings in which: FIG. 1 
is a schematic view showing a structure of a conventional 
automatic tool exchange device; 

FIG. 2 is a view showing a structure of a drawbar unit 
10 of an automatic tool exchange device according to a first 
embodiment of the present invention, in which ^'A'' represents 
a drawbar unit clamping a tool, ^^B" represents a drawbar unit 
with a tool undamped from the drawbar unit, and ^^C" 
represents a drawbar unit clamped without holding a tool; 
15 FIG. 3 is a schematic view showing a position detecting 

device installed at a rear portion of a drawbar unit 
according to a first embodiment of the present invention; and 
FIG. 4 is a view showing position detecting devices 
installed at a rear portion of a drawbar unit according to 
20 second and third embodiments of the present invention. 



Best Mode for Carrying Out the Invention 

Reference will now be made in detail to the preferred 
25 embodiments of the present invention. 

In the following description of the present invention, 
a detailed description of known functions and configurations 
incorporated herein will be omitted when it may make the 
subject matter of the present invention rather unclear. 
30 Hereinafter, a preferred embodiment of the present 

invention will be described with reference to accompanying 
drawings . 
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FIG. 1 is a schematic view showing a structure of a 
conventional automatic tool exchange device and FIG. 2 is a 
view showing a structure of a drawbar unit of an automatic 
tool exchange device according to a first embodiment of the 
5 present invention, in which "A" represents a drawbar unit 
clamping a tool, "B" represents a drawbar unit with a tool 
undamped from the drawbar unit, and ^'C" represents a drawbar 
unit clamped without holding a tool. In addition, FIG. 3 is a 
schematic view showing a position detecting device installed 

10 at a rear portion of a drawbar unit. 

Referring to FIGS. 2 and 3, a tool is clamped in front 
of a drawbar unit 50, which is a part of an automatic tool 
exchange device. An extension rod 52 is formed at a rear 
portion of the drawbar unit 50 and extends therefrom. A core 

15 54 made of a magnetic member having high magnetic 
permeability is aligned at an outer peripheral surface of the 
extension rod 52. Thus, the extension rod 52 and the core 54 
are integrally formed with the drawbar unit 50, so they are 
integrally moved up and down. 

20 A coil section 56 is aligned around the core 54. The 

coil section 56 has a hollow cylindrical shape and an 
inductance value of the coil section 56 varies depending on a 
position of the core 54. An LC oscillator 58 is connected to 
the coil section 56 so as to generate a frequency signal, 

25 which varies depending on the inductance value of the coil 
section 56. The LC oscillator 58 is coupled with a position 
detecting section 60. 

The position detecting section 60 is provided with a 
counter 64, which counts the frequency signals generated from 

30 the LC oscillator 58. The position detecting section 60 
includes a memory section 68 for storing count values of 
frequency signals generated from the LC oscillator 58 when 
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the drawbar unit 50 is positioned in three different 
positions, that is, a clamping position, an unclamping 
position and a tool releasing position of the drawbar unit 
50. 

5 Both memory section 68 and counter 64 are connected to 

a microcomputer 66. The microcomputer 66 compares the count 
value stored in the memory section 68 with a present 
frequency count value of the counter 64, thereby detecting a 
present position of the drawbar unit 50. A main controller 70 

10 is connected to the microcomputer 66, so the microcomputer 66 
transmits position information of the drawbar unit 50 to the 
main controller 70. Upon receiving position information of 
the drawbar unit 50, the main controller 70 controls an 
operation of an automatic tool exchange device according to a 

15 position of the drawbar unit 50. 

Hereinafter, a position detecting operation for the 
drawbar unit 50 according to a preferred embodiment of the 
present invention will be described. 

Firstly, when the drawbar unit 50 clamps the tool, the 

20 drawbar unit 50 moves up, so the core 54 is further 
introduced into the coil section 56, so that the core 54 is 
almost accommodated in the coil section 56 as shown in of 
FIG. 2. On the contrary, when the drawbar unit 50 unclamps 
the tool, the drawbar unit 50 moves down, so the core 54 is 

25 slightly retreated from the coil section 56 as shown in ''B'' 
of FIG. 2. In addition, if the drawbar unit 50 is clamped 
when the tool is completely released from the drawbar unit 
50, the drawbar unit 50 maximally moves up so that the core 
54 is completely accommodated in the coil section 56. 

30 Accordingly, as mentioned above, a position of the core 

54 with respect to the coil section 56 may vary according to 
the three positions of the clamp units 50, that is, when the 
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tool is clamped by the drawbar unit 50, when the tool is 
undamped from the drawbar unit 50, and when the tool is 
completely released from the drawbar unit 50a. 

A value of an oscillating frequency generated from the 
5 LC oscillator 58 connected to the coil section 56 may vary 
according to the position of the core with respect to the 
coil section 56. The oscillating frequency signal generated 
from the LC oscillator 58 is applied to the counter 64 of the 
position detecting section 60. 

10 Accordingly, the counter 64 counts the frequency 

signals and transmits the count value to the microcomputer 
66. The microcomputer 66 compares the count value transmitted 
from the counter 64 with the count value stored in the memory 
section 68, thereby determining whether the tool is 

15 clamped/unclamped by/from the drawbar unit 50 or the tool is 
completely released from the drawbar unit 50. In addition, 
the microcomputer 66 transmits a corresponding signal to the 
main controller 70 based on the above determination. 

The main controller 70 controls the operation of the 

20 automatic tool exchange device according to the signal 
transmitted from the microcomputer 66 of the position 
detecting section 60. 

According to second and third embodiments of the 
present invention as shown in FIG. 4, the position detecting 

25 section 60 of the present invention includes an F/V converter 
72 for converting a frequency signal into a voltage signal in 
addition to the above mentioned microcomputer 66, memory 
section 68 and counter 64. In this case, the oscillating 
signal generated from the LC oscillator 58 is converted into 

30 a voltage signal by means of the F/V converter 72 and the 
position of the drawbar unit 50 is detected based on the 
voltage signal. 
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For example, the microcomputer 66 reads in the voltage 
signal through an A/D converter 73, thereby detecting the 
position of the drawbar unit 50. Otherwise, a voltage 
comparator 74 compares the voltage signals with each other, 
5 thereby detecting the position of the drawbar unit 50. 

In a case in which the A/D. converter 73 is used, a 
frequency signal generated when the drawbar unit 50 is in a 
predetermined position is converted into a voltage signal by 
means of the F/V converter 72 and the microcomputer 66 stores 

10 the voltage signal in the memory section 68 through the A/D 
converter 73. When the drawbar unit 50 operates, the 
microcomputer 66 compares the voltage value stored in the 
memory section 68 with a voltage value corresponding to a 
present position of the drawbar unit 50, thereby detecting 

15 the position of the drawbar unit 50, 

In order to realize the second embodiment of the 
present invention, in which the microcomputer 66 reads in the 
voltage signal through the A/D converter 73 to detect the 
position of the drawbar unit 50, the position detecting 

20 section may include the F/V converter 72 for converting the 
frequency signal into the voltage signal, the A/D converter 
73 for converting an analog value of the voltage signal into 
a digital value, the memory section 68 for storing voltage 
values corresponding to three positions of the drawbar unit 

25 50, and the microcomputer 66 for detecting the present 
position of the drawbar unit 50 by comparing the voltage 
value stored in the memory section 68 with the voltage value 
applied thereto through the F/V converter 72. 

In a case in which the voltage comparator 74 is used, 

30 predetermined voltage signals are set by dividing the 
predetermined voltage signals using a variable resistor 75 in 
order to compare the predetermined voltage signals with a 
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voltage signal generated when the drawbar unit 50 is in a 
predetermined position. Then, when the drawbar unit 50 
operates, the predetermined voltage signals are compared with 
a voltage value generated corresponding to a present position 
of the drawbar unit 50, thereby detecting the position of the 
drawbar unit 50. According to this embodiment, costs required 
for providing software to manage the microcomputer or the 
memory section can be reduced. 

In order to realize the third embodiment of the present 
invention, in which voltage signals are compared with each 
other by means of the voltage comparator 74 to detect the 
position of the drawbar unit 50, the position detecting 
section may include the F/V converter 72 for converting the 
frequency signal into the voltage signal, at least two 
15 variable resistors 75 for setting several voltage signals in 
order to compare the voltage signals with a voltage value 
generated when the drawbar unit 50 is in a predetermined 
position, the voltage comparator 74 for comparing the voltage 
values of the variable resistors 75 with the present voltage 
value applied from the F/V converter 72, and a discriminator 
76 for detecting the position of the drawbar unit 50 based on 
a result of the above comparison. 

Industrial Applicability 
25 As can be seen from the foregoing, according to the 

present invention, the hollow coil section is provided at the 
rear portion of the drawbar unit, and the extension rod 
integrally formed with the drawbar unit is accommodated in 
the hollow coil section in such a manner that the extension 
rod moves up and down together with the drawbar unit. In 
addition, the magnetic core is attached to an outer portion 
of the extension rod, so that the magnetic core is also moved 
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Up and down together with the drawbar unit. Accordingly, the 
inductance value of the coil section varies depending on the 
magnetic core, so the oscillating frequency generated from 
the LC oscillator is also varied. The present invention 
obtains position information of the drawbar unit by using the 
variation of the oscillating frequency of the LC oscillator. 

While this invention has been described in connection 
with what is presently considered to be the most practical 
and preferred embodiment, it is to be understood that the 
invention is not limited to the disclosed embodiment and the 
drawings, but, on the contrary, it is intended to cover 
various modifications and variations within the spirit and 
scope of the appended claims. 
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